Rotator cuff disease is one of the most common causes of shoulder dysfunction, with prevalence rates ranging from 13% to 50% with increasing age.^[@bibr45-2325967120938311],[@bibr46-2325967120938311]^ The rotator cuff functions to provide active shoulder motion and dynamic glenohumeral stability. As such, anatomic repair of symptomatic rotator cuff tears is often necessary to restore normal shoulder biomechanics.^[@bibr13-2325967120938311],[@bibr19-2325967120938311]^ Despite several advances in rotator cuff repair over the past several years, studies^[@bibr1-2325967120938311],[@bibr5-2325967120938311],[@bibr15-2325967120938311],[@bibr17-2325967120938311],[@bibr18-2325967120938311],[@bibr22-2325967120938311],[@bibr31-2325967120938311]^ have demonstrated inconsistent outcomes, with failure rates of up to 94% in some patient populations.

In order to improve success rates, several techniques have been described for rotator cuff repair. Biomechanical studies^[@bibr2-2325967120938311],[@bibr23-2325967120938311],[@bibr29-2325967120938311],[@bibr32-2325967120938311],[@bibr34-2325967120938311][@bibr35-2325967120938311]--[@bibr36-2325967120938311]^ have demonstrated that double-row, transosseous-equivalent repairs are superior to single-row repairs that only provide partial footprint restoration. These biomechanical advantages have also translated to improved clinical function and histologic healing in patients undergoing double-row rotator cuff repair.^[@bibr8-2325967120938311],[@bibr11-2325967120938311],[@bibr30-2325967120938311]^ However, these come at a higher cost because of the increased number of anchors used.

In order to reduce cost and anchor usage and improve construct strength, several studies have reported on the biomechanical advantages of medial row linkage in rotator cuff repair; the medial anchor linkage functions to provide increased load sharing, contact area, and stability of the repair.^[@bibr3-2325967120938311],[@bibr7-2325967120938311],[@bibr12-2325967120938311],[@bibr16-2325967120938311],[@bibr24-2325967120938311],[@bibr37-2325967120938311]^ However, these techniques often require arthroscopic knot tying to link the 2 medial anchors. This knot prevents the linked sutures from sliding freely, thus inhibiting load sharing and proper tensioning between the 2 anchors of the medial row.^[@bibr37-2325967120938311]^

A linked double-row equivalent rotator cuff repair has been developed to maintain the potential advantage of linked medial row anchors and allow for adequate tensioning and force distribution across the repair. A recent biomechanical study using bovine tendons demonstrated that this linked double-row equivalent construct had significantly higher load to failure and increased survivorship with cyclic loading compared with conventional transosseous-equivalent techniques.^[@bibr41-2325967120938311]^ Despite the biomechanical advantages, there are limited data on the clinical outcomes using these anchors. The purpose of this study was to determine the patient-reported outcomes (PROs), reoperation rates, and complication rates after linked double-row equivalent rotator cuff repair for full-thickness rotator cuff tears. We hypothesized that this technique would result in statistically significant and clinically relevant improvement in PROs, with low reoperation and complication rates.

Methods {#section1-2325967120938311}
=======

Institutional review board approval was obtained for this retrospective review of consecutive patients who underwent linked double-row equivalent arthroscopic rotator cuff repair from April 2015 to April 2016 by a single fellowship--trained orthopaedic surgeon (J.D.). Patients with clinical signs and imaging findings consistent with a diagnosis of full-thickness supraspinatus and/or infraspinatus tear and who had completed 2-year minimum follow-up were included in the study. All (100%) patients were initially treated nonoperatively with activity modification, home exercise program, or formal physical therapy depending on patient preference for a minimum of 6 weeks after presentation. Patients who continued to have pain or functional deficits were then indicated for surgical repair of their rotator cuff. Patients with irreparable rotator cuff tears were excluded from this study, as they did not undergo rotator cuff repair. Patients with complete or incomplete subscapularis and/or teres minor tears were also excluded.

Surgical Technique {#section2-2325967120938311}
------------------

All patients were positioned in the lateral decubitus position and underwent diagnostic shoulder arthroscopy, with confirmation of full-thickness supraspinatus and/or infraspinatus tears. A subacromial decompression was performed followed by preparation of the rotator cuff footprint. The rotator cuff was repaired according to a previously described method.^[@bibr41-2325967120938311]^ Two double-loaded 5.5-mm suture anchors (Stabilynx) were inserted at the articular margin of the greater tuberosity (1 anterior and 1 posterior) to function as the medial row. Each anchor is double loaded with nonabsorbable No. 2 braided polyester suture. One suture from each anchor was removed, leaving each anchor with a single suture to be used during the rotator cuff repair.

A pass was made with 1 suture from either anchor approximately 5 mm medially into the rotator cuff using an arthroscopic suture passer ([Figure 1](#fig1-2325967120938311){ref-type="fig"}). The sutures have a loop where the suture from the other anchor can be shuttled through. The suture with the loop was pulled, and the contralateral suture was shuttled through the path of that suture pass and then through the suture anchor, thereby creating a knotless medial bridge ([Figure 2](#fig2-2325967120938311){ref-type="fig"}). Next, the suture ends that remained were each passed approximately 5 mm lateral to the anchors. The lateral suture ends were then tied using an arthroscopic sliding knot, thereby creating a lateral knotted bridge in a double-row configuration ([Figure 3](#fig3-2325967120938311){ref-type="fig"}). The end result was a knotless medial bridge with a lateral knotted bridge over the rotator cuff tendon. The lateral knot functions as the final tensioner.

![A pass is made with 1 suture from either anchor approximately 5 mm medially into the rotator cuff. One of these sutures has a loop where the suture from the other anchor can be shuttled through.](10.1177_2325967120938311-fig1){#fig1-2325967120938311}

![The suture with the loop was pulled, and the contralateral suture was shuttled through the path of that suture pass and then through the suture anchor, thereby creating a knotless medial bridge.](10.1177_2325967120938311-fig2){#fig2-2325967120938311}

![The suture ends that remained were each passed approximately 5 mm lateral to the anchors. The lateral suture ends were then tied using an arthroscopic sliding knot, thereby creating a lateral knotted bridge in a double-row configuration.](10.1177_2325967120938311-fig3){#fig3-2325967120938311}

The postoperative protocol was standardized for all patients. The patients were placed in a sling with abduction pillow for 6 weeks. Physical therapy was started at 2 weeks postoperatively, beginning with passive range of motion and then progressing to active assisted range of motion and active range of motion at 2 weeks, 4 weeks, and 8 weeks, respectively. Strengthening was started 3 months after surgery. Patients were cleared for all activities by 6 months postoperatively.

Patients completed PRO scores before surgery and at final follow-up. When the postoperative records were not available through retrospective review, telephone interviews were conducted to gather subjective information and PRO scores and inquire about any complications or further surgery on the operative shoulder. PROs included the American Shoulder and Elbow Surgeons (ASES) score, Simple Shoulder Test (SST), shortened Disabilities of the Arm, Shoulder, and Hand (QuickDASH) questionnaire, and visual analog scale (VAS) for pain.

Patient characteristics were recorded preoperatively and included age, sex, and tear size based on preoperative magnetic resonance imaging. Surgical complications and reoperations were recorded. The complications sought included, but were not limited to, infection, bleeding, wound dehiscence, pain, shoulder stiffness, nerve injury, deep-vein thrombosis, fluid extravasation, hardware failure, and death.^[@bibr6-2325967120938311]^ Reoperation was defined as any return to the operating room. The primary outcome measure was the ASES score at final follow-up. Secondary outcomes included the QuickDASH, SST, VAS, reoperations, and complications. Clinical relevance, when applicable, was defined by the minimally clinically important difference (MCID) for the ASES (MCID 12) and SST (MCID 2).^[@bibr43-2325967120938311]^ Comparisons on an individual level that exceeded MCID (individual-level scores) were deemed clinically relevant.

Statistical analysis was performed using R version 3.3.1. Comparisons between preoperative and postoperative scores were completed using the Student *t* test. All *P* values were reported with significance set at *P* \< .05.

Results {#section3-2325967120938311}
=======

A total of 42 shoulders in 41 consecutive patients were included in the study ([Table 1](#table1-2325967120938311){ref-type="table"}). All patients (100%) completed the minimum 2-year follow-up (9 by telephone interview). There were 21 male patients (51.2%) and 20 female patients (48.8%), with a mean age of 64.5 ± 11.9 years and an average follow-up of 29.7 ± 4.5 months. The rotator cuff tear measured on average 15.2 ± 8.9 mm in the coronal plane and 14.6 ± 9.8 mm in the sagittal plane.

###### 

Patient Characteristics*^a^*

![](10.1177_2325967120938311-table1)

  ------------------------------- -------------
  Age, y, mean ± SD               64.5 ± 11.9
  Male sex, n (%)                 21 (51.2)
  Tear size (ML), mm, mean ± SD   15.2 ± 8.9
  Tear size (AP), mm, mean ± SD   14.6 ± 9.8
  Follow-up, mo, mean ± SD        29.7 ± 4.5
  ------------------------------- -------------

*^a^*AP, anterior-posterior; ML, medial-lateral.

The preoperative and postoperative PRO scores are shown in [Table 2](#table2-2325967120938311){ref-type="table"}. The mean ASES score improved significantly from 35.5 ± 18.2 preoperatively to 93.4 ± 10.6 postoperatively (*P* \< .001). Scores on the QuickDASH (*P* \< .001), SST (*P* \< .001), and VAS (*P* \< .001) also significantly improved after surgery. All patients (42/42 shoulders, 100%) achieved clinically relevant improvement (met or exceeded MCID) in ASES and SST scores postoperatively. There were no postoperative complications or reoperations at final follow-up.

###### 

Preoperative and Postoperative Outcome Scores^*a*^

![](10.1177_2325967120938311-table2)

              Preoperative   Postoperative   Mean difference (95% CI)   *P*
  ----------- -------------- --------------- -------------------------- --------
  ASES        35.5 ± 18.2    93.4 ± 10.6     57.9 (51.8-63.9)           \<.001
  QuickDASH   55.2 ± 19.8    8.6 ± 12.5      46.6 (40.4-52.8)           \<.001
  SST         3.1 ± 2.4      10.9 ± 1.7      7.8 (7.0-8.6)              \<.001
  VAS         67.5 ± 20.6    5.6 ± 10.3      61.8 (55.7-68.0)           \<.001

*^a^*ASES, American Shoulder and Elbow Surgeons; Quick DASH, shortened Disabilities of the Arm, Shoulder and Hand; SST, Simple Shoulder Test; VAS, visual analog scale.

Discussion {#section4-2325967120938311}
==========

In the current study, linked double-row equivalent arthroscopic rotator cuff repair resulted in statistically significant and clinically relevant improvement in PROs, with low complication and reoperation rates. Thus, all study hypotheses were confirmed.

Several biomechanical studies^[@bibr3-2325967120938311],[@bibr7-2325967120938311],[@bibr12-2325967120938311],[@bibr16-2325967120938311],[@bibr37-2325967120938311]^ have previously demonstrated the utility of linked medial anchors in rotator cuff repair. However, they are technically more demanding and often require medial knots for the anchor linkage. The present technique for rotator cuff repair utilizing a linked double-row equivalent construct combines the advantages of linked medial sutures with a double-row repair without having to tie medial knots. As such, it has been shown to be biomechanically superior to double-row repairs alone.^[@bibr41-2325967120938311]^ Each suture from the medial row anchor has a built-in loop at 1 end. This can be used to shuttle the end of 1 suture from 1 anchor through the other anchor, creating a free-sliding running suture through multiple anchors. The knotless linkage allows equal load sharing across the repair by using the anchors as pulleys to potentiate the strength of repair.^[@bibr3-2325967120938311],[@bibr9-2325967120938311],[@bibr10-2325967120938311],[@bibr16-2325967120938311],[@bibr20-2325967120938311],[@bibr24-2325967120938311],[@bibr42-2325967120938311]^

Prior studies utilizing linked medial row anchors have been limited to biomechanical studies and technique papers, making the present study the first to report on clinical outcomes after a linked double-row equivalent rotator cuff repair. There were statistically significant improvements in all PRO scores, with the ASES score significantly improving from 35.5 ± 18.2 preoperatively to 93.4 ± 10.6 postoperatively. This result is similar to previously published reports investigating knotless double-row rotator cuff repairs in patients with similar-sized rotator cuff tears at up to 2-year follow-up. All previous studies^[@bibr14-2325967120938311],[@bibr26-2325967120938311],[@bibr28-2325967120938311],[@bibr33-2325967120938311]^ reported significant improvement in ASES scores after surgery, which ranged from 87.4 before surgery to 97.0 at final follow-up.

The improvements in PROs were also clinically relevant, with 100% of patients achieving the MCID for the ASES score and SST score. A 2019 study by Dukan et al^[@bibr14-2325967120938311]^ had similar results after a knotless suture bridge technique, with 98.5% of patients achieving the MCID for the ASES score. The MCID used in the present study is specific to rotator cuff pathology, with a range from 12 to 17 points.^[@bibr43-2325967120938311]^ This compares with the MCID of 6.4 points used in the study by Dukan et al. Without the raw data, it is difficult to determine whether the same number of patients in their study would have reached the more stringent MCID guidelines for rotator cuff disease that were used in the current study.

Despite these excellent clinical outcomes in double-row repairs, there still remains a relatively high retear rate on postoperative imaging that ranges from 5.9% to 22.7%.^[@bibr14-2325967120938311],[@bibr21-2325967120938311],[@bibr26-2325967120938311],[@bibr28-2325967120938311],[@bibr33-2325967120938311],[@bibr40-2325967120938311]^ This is compared with single-row rotator cuff repairs, which had a pooled failure rate of 40.2% in a 2014 meta-analysis by Xu et al.^[@bibr44-2325967120938311]^ Additionally, these same studies demonstrated equivalent or superior ASES scores in the double-row groups compared with single-row groups, indicating that patients with improved healing rates have improved outcome scores compared with those that failed.^[@bibr44-2325967120938311]^ Based on the superior biomechanical strength and excellent PROs with the linked double-row equivalent technique, we believe that the healing rate is equivalent or superior to that of the conventional double-row rotator cuff repair. However, this needs further investigation in comparative studies using postoperative imaging.

There are limitations to this study. The study was retrospective and had a relatively small sample size, possibly leading to selection bias. Despite the small population, the current study was still able to detect statistically significant improvement in patient outcomes that translated to clinical relevance. All surgeries were performed by a single fellowship--trained orthopaedic surgeon with extensive experience in shoulder arthroscopy. Thus, the results of this investigation may not be extrapolated to all patient and surgeon populations. Additionally, we did not directly compare the linked double-row equivalent repair with conventional rotator cuff repairs. However, indirect comparison with previous studies using similar PRO measures showed comparable improvement in scores postoperatively.^[@bibr4-2325967120938311],[@bibr25-2325967120938311],[@bibr27-2325967120938311],[@bibr38-2325967120938311],[@bibr39-2325967120938311]^ The current study only included small to large rotator cuff tears, so it is unclear if these outcomes will extrapolate to massive rotator cuff tears. In addition, we only evaluated clinical outcomes and did not assess the retear rates after repair using imaging modalities. However, there were no clinical failures according to the PROs, symptoms, and physical examination. Finally, 21.4% of the patients could not be assessed in person at the 2-year follow-up and were evaluated instead by telephone interview.

Conclusion {#section5-2325967120938311}
==========

Arthroscopic repair of full-thickness rotator cuff tears with the linked double-row equivalent technique results in statistically significant and clinically relevant improvements in PRO scores, with low complication (0.0%) and reoperation (0.0%) rates at short-term follow-up.

Final revision submitted February 23, 2020; accepted March 26, 2020.

One or more of the authors has declared the following potential conflict of interest or source of funding: M.R.S. has received research support from Smith & Nephew; consulting fees from Anika Therapeutics, Linvatec, Medacta, and Smith & Nephew; speaking fees from Linvatec, Medacta, and Smith & Nephew; and royalties from DJO, Saunders/Mosby-Elsevier, Smith & Nephew, Stryker, and Wolters Kluwer Health--Lippincott Williams & Wilkins; and has stock/stock options in Biomimedica. S.L.S. has received research support from Arthrex, grant support from DJO, educational support from Elite Orthopaedics, hospitality payments from Smith & Nephew, and consulting fees from Arthrex, Ceterix Orthopaedics, ConMed Linvatec, Flexion Therapeutics, GLG Consulting, JRF Ortho, Moximed, Olympus, RTI Surgical, and Vericel. J.D. has received educational support from Arthrex and consulting fees from DePuy; and has stock/stock options in Stabilynx. AOSSM checks author disclosures against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.

Ethical approval for this study was obtained from Stanford University (protocol No. 53266).
